Introduction
The Llanherne telescope is a meridian transit instrument with an instantaneous bandwidth of two octaves in the range 35 to 150 MHz, and was constructed primarily for studying the low frequency properties of pulsars. The antenna is a 78 x 156 metre filled aperture phased array comprising 4096 wire dipole elements arranged in a 64 x 64 matrix. Uniform illumination of the elements produces a single pencil beam response which is scanned electronically along the meridian from Declination -90° to +30°. The beamwidth at 100 MHz is 1 degree in right ascension and two degrees sec(Dec) in declination and varies proportionally with wavelength, giving a transit time of 4 sec(Dec) x 100//(MHz) minutes between half power points. The array has been calibrated from observations of extragalactic radio sources with known spectra. The antenna's maximum sensitivity of 2.6 K/Jy corresponds to an aperture efficiency of 60%, and better than 1 K/Jy is achieved over most of the frequency-declination range. The system noise temperature is 400K.
Almost every hardware function in the telescope is controlled by the observatory computer, which also effects data aquisition and data processing. The system can run unattended for many days at a time, executing a widely varying sequence of observations and maintenance operations under software control.
Antenna Design
The construction of the dipole elements is shown in Fig. 1 . The ground plane is formed by the network of transmission lines and their stays. This design, together with the mass effect of many close coupled elements results in a good impedance match to the feed over a wide range of frequencies. None the less, element mismatch ultimately determines the lower frequency limit. The upper limit represents the onset of beam splitting.
The elements along each (E^W) row are connected by a simple Christmas tree feed. This feed is terminated by a preamplifier which also contains a switchable noise source used as the calibration reference. The radiation pattern of each row is thus a narrow disk, uniform along the meridian and about one degree wide in R.A. A pencil beam response is obtained by combining the row signals in a second Christmas tree feed, scanned by means of phasing units positioned in each arm. (Fig. 2) The phasing units switch in lengths of transmission line to compensate the different path lengths from each row to a source at the desired declination. The position of the beam formed by this network is independent of frequency, allowing simultaneous observations of a radio source over the full system bandwidth.
This performance contrasts with that of two other large arrays operating in the same frequency band. The BSA radio telescope of the Lebedev Physics Institute (Vitkevich et al. 1976 ) has a very similar aerial structure but is fitted with a tuned feed which limits operations to a bandwidth of 2 MHz at 102.5 MHz. On the other hand the Clark Lake TPT (Erickson and Fisher, 1974) employs frequency independant elements, but with frequency dependant beam forming, resulting in an array which is tunable from 15 to 125 MHz with a bandwidth of 0.1 to 3 MHz.
Array Calibration
The prime design objectives for the telescope have been to achieve a wide bandwidth and a maximum effective aperture. In contrast with survey instruments, angular resolution is not important since the characteristic periodicity of pulsar emissions serve to identify them from the sky background and continuum sources.
However the relatively poor angular resolution and high sidelobe level of the array make it unsuitable for absolute calibration by the method of Little (1958) . Likewise the wide range of operation and large number of variables involved make accurate modeling impractical. Instead a calibration (in K/Jy) has been effected by making transit observations of continuum sources with presumed spectra. The flux scale adopted is the relative scale of Wills (1973) adapted to the absolute spectrum of Cas A given by Baars et al. (1977) in the manner suggested by Wills. The resulting reference spectra are listed in Table I .
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Contributions 27 The results of this program, involving observations at 2 MHz intervals throughout the available spectrum are represented by Fig. 3 . As expected the antenna frequency response is essentially the same at all declinations and the effective aperture declines uniformly as the beam is scanned away from the zenith. The sharp minimum at 50 MHz can be attributed to interactions in the row feed between imperfectly matched elements, and that at 90 MHz to an interaction between the two wires comprising the dipole elements. Otherwise the shape of the frequency response follows that predicted by element reflection loss and feed attenuation.
Observations
The broadband nature of the antenna makes it an extremely useful instrument for the investigation of low frequency pulsar spectral turnover. A total of 36 pulsars have been observed and their spectra obtained. As an example the instantaneous daily spectra of PSR 0031-07 are shown in Fig. 4 and integrated pulse profiles of PSR 0628-28 are shown in Fig. 5 .
The telescope has also proved effective for high resolution studies of solar radiation, leading to the discovery of a new variety of fine structured solar phenomena in the 30-60 MHz range. (McConnell and Ellis, 1980) . Additionally a number of southern continuum sources with ill defined spectra were observed during the calibration survey and new spectral points obtained. Figure 5 . Mean pulse profiles of PSR 0628-28 from simultaneous observations at eleven frequencies. The data from three transits have been combined to improve signal/noise ratio. Receiver bandwidths were 300 kHz or 200 kHz except at 47 MHz where thirty-two 10 kHz were dedispersed and combined.
Conclusion
Baars, J. M. W., Ganzel, R., Pauliny-Toth, I. I. K., and Witzel, A., Astron. Astrophys., 61, 99 (1977) . Erickson, W. C , and Fisher, J. R., Radio 5c/., 9, 387 (1974) . Little, A. G., Aust. J. Phys., 11, 70 (1958) To support the expanding astronomical use of the station, and in particular for the Tidbinbilla two-element interferometer (Batty et al. 1977) , a small computer was installed early in 1980 to control observations. The system will also be used for as much data analysis as possible to minimize off-site computing.
The hardware consists of a Plessey Peripheral Systems LSI-11-based system, configured as follows: CPU:
16-bit DEC LSI-11 with firmware floating point Memory:
32K words MOS Video terminal: Data Media 3052A Line printer:
Texas Instruments TI810 (150 char/s) Disk drives: 1 x 5 Mbyte (RK05 compatible) and 1 x 10 Mbyte; each of 1 fixed and 1 removable platter. This configuration was selected to provide hardware and software compatibility with other systems at the CSIRO Division of Radiophysics, and to take advantage of the large range of interfaces available for the LSI-11 Q-bus. The total cost, including system software, was =$15,000. A series of standard interface units as shown in Fig. 1 perform the functions of data acquisition, receiver monitoring and control, delay line setting, timing and various other tasks. In addition, two special 16-bit parallel interfaces will be used to communicate with station computers to permit antenna control from the LSI-11. All of the software runs under a DEC RT-11 operating system, and where possible FORTRAN is used for compatibility and ease of modification by non-specialists. Programs have already been written for the interferometer observations, and routines for spectral line observing (using a 256-channel spectrometer) and interferometer data reduction are under development.
The observing software has two special features which provide a high degree of flexibility, both in terms of program control and adaptability for different observing modes. The first of these is the provision of an observing control language, consisting of a standard set of mnemonic commands which drive the antennas in various coordinate systems, precess source positions, start and stop observations and so on. In addition, a user can quite simply construct complete sequences of basic commands which can then be called up by name for later execution. The individual file containing each observer's programmed commands can also be saved for later use. Table  1 shows an example of the construction and use of a
